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HistopathologyAbstract Octopus vulgaris is of great importance for humans as a food resource and in fishery. The
present study gave the first new insight about the comparative histopathological and histochemical
impacts of oral administration of a single dose (25 mg/kg) of the posterior salivary gland (PSG) and
ink sac (IS) extracts of O. vulgaris in mice. Histopathologically, the changes in the liver of PSG and
IS extracts administrated mice were lymphocyte aggregations, cytoplasmic vacuolar degeneration
and enlargement and congestion of hepatic portal veins. The changes caused by the PSG extract
were more than those of the IS extract. In the treated spleen, IS extract showed higher impacts more
than the PSG extract and occurred as lymphocyte aggregations, red pulp infiltration, increase of
megakaryocytes number and mild distortion in the follicle shape. PSG and IS extracts exerted sim-
ilar impacts in the ileum which detected as villi hyperplasia, epithelial and lamina propria degener-
ation, epithelial detachment and lymphocytes infiltration. Histochemically, IS extract increased
hepatic collagenous fibers more than PSG extract especially after 7 days of administration. Both
extracts reduced the liver general carbohydrates and illeal mucopolysaccharide biosynthesis. PSG
and IS extracts exerted significant elevation in alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) enzymes. Hematological studies after PSG administration revealed a signif-
icant increase in leukocytic count, and platelets and a significant decrease in lymphocytes and gran-
ulocytes. However, IS extract caused a significant increase in platelets. The present data could
introduce new information about the toxicity of these extracts especially in the countries which
depend on O. vulgaris ink in their food.
 2016 The Egyptian German Society for Zoology. Production and Hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The common octopus, Octopus vulgaris Cuvier, 1797 is a ben-
thos coleoid cephalopod. It lives in rocky, sandy and muddy
bottoms from the sea shore coastal zone to the edge of the con-
tinental shelf (Mangold, 1983; Belcari and Sartor, 1999). It is
24 A.Y. Moustafa, A. Awaadconsidered as the main daily human food resource in some
countries (Caddy and Rodhouse, 1998; Fernandez-Rueda
and Garc±a-Florez, 2007).
Octopuses have a venomous gland known as posterior sali-
vary gland (PSG). The secretions produced by O. vulgaris PSG
are used as a predatory and defensive mechanism (Sutherland
and Lane, 1969; Norman and Reid, 2000). The toxicity of PSG
was recorded in crabs, crayfish and mammals (Ghiretti, 1960;
Erspamer and Erspamer, 1962; Songdahl and Shapiro, 1974).
Moreover, human fatalities occurred by the toxins of the blue
ringed octopus, Oxycanus maculosus and Hapalochlaena sp.
which contain a powerful neurotoxin that caused respiratory
arrest and total paralysis (Bonnet, 1999; Cavazzoni et al.,
2008). Experimentally, the PSG extract of Octopus aegina
showed anticancer activity in vitro and in vivo cancer models
(Karthigayan et al., 2006). Generally, the chemical compo-
nents of PSG extract contain amines, proteins, and peptides
(Kanda et al., 2003). These compounds include the endecapep-
tideeledoisin and octopamine (Erspamer, 1984), 5-hydrox-
ytryptamine (Bacq, 1951), amine substances (Hartman et al.,
1960). Moreover a glycoprotein known as cephalotoxin and
proteolytic enzymes were isolated from the PSG extract
(Ghiretti, 1960; Hartman et al., 1960; Morishita et al., 1974).
Additionally, the PSG of O. vulgaris contains numerous bioac-
tive substances like; tyramine (Henze, 1913) and histamine
(Bottazzi and Valentini, 1992).
Likewise, O. vulgaris, as other coleoid cephalopods, has a
chemical defense strategy for escaping and predator avoidance
behaviors involve inking (Hunt, 1996; Forsythe and Hanlon,
1997). The ejected ink acts as an alarm or warning signal to
confuse their predators (Ortonne et al., 1981; Lucero et al.,
1994; Derby, 2014). Noteworthy, the inking strategy is lost
in the three inkless octopuses Muusoctopus eureka, Muusocto-
pus longibrachusakambei, Muusoctopus bizikovi, (Gleadall
et al., 2010). Indeed, the dark black inks are produced from
the ink sac and a mucus-producing gland known as the funnel
organ (Derby, 2014). Chemically, this ink is composed mainly
of melanin and its related compounds including 3,4-
dihydroxyphenyl-alanine and dopamine. It also contains some
enzymes as tyrosinase, phenoloxidase and amino acids such as
taurine, aspartic acid, glutamic acid, alanine and lysine
(Villanueva et al., 2004; Derby et al., 2007; Derby, 2014). Fur-
thermore, high level of metals involving cadmium, copper and
zinc were determined in the O. vulgaris ink (Raimundo and
Vale, 2008). Unfortunately, Octopus and squid inks are used
as black colorants for some foods like ‘‘pasta” related to some
ethnic groups (Watson, 2002). Generally the cephalopod inks
have many of bioactive substances and have a wide application
in homeopathic medicine, but almost all these applications are
concerned with cuttlefish and squid (Zhong et al., 2009; Fahmy
and Soliman, 2013; Nair et al., 2011). No previous studies con-
cerned with the toxicity of the ink produced by O. vulgaris and
very few recent studies have been stated on its bioactivity as an
antimicrobial agent (Vennila et al., 2011; Mohanraju et al.,
2013; Paramasivam et al., 2013).
Questions to answers arise, if the IS extract is toxic or not
and what is the IS extract toxicity in comparison to the PSG
extract. Consequently, the objective of the present investiga-
tion is to give for the first time, a comparative study between
the oral administration toxicity of both PSG and IS extracts
of O. vulgaris into mice. For monitoring these changes,histopathological and histochemical parameters have been
investigated, since they have been known as good markers in
animal health exposed to toxins, chemicals, contaminants mar-
ker (Wester and Canton, 1991; Thophon et al., 2003). The
histopathological and histochemical parameters were carried
out on three mammalian tissues including: liver which is the
detoxifier and breaking down organ from toxins, drugs and
other xenobiotics (Popp and Cattley, 1991). Additionally,
spleen is the largest lymphatic organ and the ileum which
responsible for absorption as well as mucosal immune
responses through the lamina propria. Furthermore, hemato-
logical and biochemical effects are carried out to get a better
understanding about these changes and the function of
targeted organs.
Material and methods
Animal collection and preparation of IS and PSG extracts
Specimens of O. vulgaris were collected from, Red Sea Gover-
norates, Egypt, 17 km north of Safaga City. They were dis-
sected, IS was removed from each sample, opened and
washed with distilled water and the ink was collected, concen-
trated and lyophilized using LABCONCO lyophilizer. The
lyophilized IS extract was kept and stored at 20 C till use
(Fahmy et al., 2014).
The PSG was removed from each animal, collected and
homogenized in phosphate buffered saline (pH 7.2) at 4 C.
The homogenate was then centrifuged and the supernatant
was collected, lyophilized and stored at 20 C till use
(Karthigayan et al., 2006).
Animals and experimental design
Male adult albino mice Mus musculus with average body
weight (25 ± 2 g) were purchased from Sohag University
Animal House, Sohag University, Sohag, Egypt. Animals were
housed in stainless steel cages in a ventilated animal room at
(25 ± 2 C; 12 h light/dark cycle). They were supplied with
food and water ad libitum and acclimated to this environment
for 5 days prior to the experiment. A total number of 50 mice
were randomly divided into five groups as follows: Animals of
group 1 (control) received standard mice chow diet and water
ad libitum. Using animal feeding needle, animals of group 2
and 3 were orally administrated with a single dose of 500 ll
(25 mg/kg) of PSG extract. Whereas, animals of group 4 and
5 were orally administrated with a single dose of 500 ll
(25 mg/kg) of IS extract. Animals of group 2 and 4 were left
for 2 days whereas animals of group 3 and 5 were left for
7 days after administration. At the end of experiments animals
of all groups were anesthetized and carefully dissected. Small
parts of liver, spleen and ileum were collected from each mouse
for the histological investigations. All procedures used in this
experiment were approved with the local ethics committee at
Sohag University.
Histopathological examinations
Small pieces of liver, spleen and ileum were fixed in Carnoy’s
solution for 1.5 h, dehydrated cleared and embedded in
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stained with hematoxylin and eosin, mounted and investigated
using light microscope (Axio Lab.A1, Carl ZEISS, Germany)
equipped with AxioCamERc5s camera.
Histochemical examinations
Some sections of liver were stained with Masson’s trichrome
stain to illustrate the collagenous fibers and others were
stained with periodic acid-Schiff stain to illustrate the general
carbohydrates. Some sections of ileum were stained with
Alcian blue specific stain (pH 2.5) for mucopolysaccharides.
Biochemical analysis of liver functions
To determine ALT and AST enzymes, blood was collected
without an anticoagulant. Serum was obtained after centrifu-
gation. The induction of the liver enzymes in serum was mea-
sured spectrophotometrically using assay kits according to the
method of Reitmans and Frankel (1957).
Hematological analysis
Blood samples were collected in tubes containing EDTA and
then assayed using automatic hematology analyzer (HA-Vet
clindiag system BVBA, Belgium) to determine the following
parameters: hematocrit (HCT), hemoglobin concentration
(HGB), red blood corpuscles (RBCs) count, total leukocytic
count, monocytes (MO), mean platelet volume (MPV), platelet
count, mean corpuscular hemoglobin (MCH), mean corpuscu-
lar volume (MCV), platelets distribution width (PDW) and
mean corpuscular hemoglobin concentration (MCHC).
Statistical analysis
All values are expressed as means with Standard Deviations
(n= 3). Statistical deference between the groups or biochemi-
cal data was analyzed with student t-test with a significant level
at p 6 0.05 and highly significant level at p 6 0.01.Results
Histopathological examinations of liver
The control liver showed normal histological architecture with
intact hepatic strands and hepatocytes (Fig. 1A and B). After
2 days of administration of the PSG extract, the liver displayed
aggregations of some lymphocytes within the hepatic parench-
yma (Fig. 1C) as well as mild dilation of the blood vessels
(Fig. 1C and D). The number of the lymphocyte aggregations
increased around the hepatic portal vein and central veins after
7 days of PSG extract administration as compared with those
of control or after 2 days of administration (Fig. 1E and F).
Additionally vacuolar degeneration in the hepatocytes cyto-
plasm, enlargement and congestion of hepatic portal vein were
observed after 7 days of administration of the PSG extract.
Generally basophilic stain affinity of hepatocytes cytoplasm
increased after 7 days of administration of the PSG extract
as compared with normal hepatocytes or after 2 days of
administration.On the other hand, liver after 2 days of administration with
IS extract (Fig. 1G and H) showed a small number of lympho-
cyte aggregations, and mild dilation in the hepatic blood ves-
sels as compared with that after administration of the PSG
extract, whereas, liver exhibited a higher number of lympho-
cytes aggregations located within the hepatic parenchyma as
well as around the hepatic portal vein after 7 days of IS extract
administration (Fig. 1I and J). Additionally, severe cytoplas-
mic vacuolar degeneration (Fig. 1I and J), hepatic portal vein
enlargement and congestion appeared in hepatocytes (Fig. 1I
and J). Generally the administration of the PSG extract
induced the number of the lymphocyte aggregations in the
liver more than those after administration of the IS extract.
Histopathological examinations of spleen
Histologically, normal spleen showed intact splenic cords and
distinct spleen follicles with normal white and red pulps
(Fig. 2A and B). The PSG extract administration induced mild
histopathological changes after 2 days (Fig. 2C and D). These
changes include aggregations of some lymphocytes scattered in
the spleen red pulp, while, after 7 days of PSG administration
spleen showed large number of lymphocytes infiltration
(Fig. 2E and F).
In the case of 2 days after IS extract administration
(Fig. 2G and H), spleen showed higher number megakary-
ocytes and mild aggregations of lymphocytes as compared to
those in the control group. Spleen of the group administrated
with IS extract for 7 days (Fig. 2I and J) showed higher aggre-
gations of lymphocytes within the red pulp, higher number of
megakaryocytes and mild distortion in the follicle shape as
compared with those after 2 days administration. Compara-
tively, administration of the IS extract showed higher impacts
in the spleen as compared with those caused by the PSG
extract.
Histopathological examinations of ileum
The control ileum showed intact and normal villi with normal
epithelium, brush border and lamina propria (Fig. 3A and B).
Ileum after 2 days of administration of the PSG extract
(Fig. 3C and D) and IS extract (Fig. 3G and H) did not cause
remarkable changes and is similar to that of the control,
whereas after 7 days of administration of the PSG extract
(Fig. 2E and F) and IS extract (Fig. 2I and J) ileum exhibited
villi hyperplasia, not intact epithelial, lamina propria degener-
ation and detachment from epithelium and lymphocytes infil-
tration. Morphologically, the impacts caused by PSG and IS
extracts in the ileum especially after 7 days of administration
were similar.
Histochemical examinations
Hepatic fibrosis
As shown in Fig. 4, hepatic fibrosis was investigated using
Masson’s trichrome stain. The treated liver with PSG extract
showed slightly higher expression of the hepatic portal veins
wall collagens after 2 days of administration (Fig. 4C and D)
as compared with those of the control (Fig. 4A and B). After
7 days of PSG extract administration the hepatic portal veins
wall collagens as well as peri-cellular collagens slightly
Figure 1 Photographs from sections of mice liver, A, B: showing control liver with normal architecture. C, D: after 2 days of PSG
extract administration showing lymphocytic aggregations (bold arrow) and blood vessel dilation (arrow). E, F: after 7 days of
administration showing an increase of lymphocytic aggregations (bold arrows), vacuolar degeneration (arrow heads), dilation and
congestion of the hepatic portal vein (arrow) and basophilic affinity of the cytoplasm. G, H: after 2 days of administration of the IS extract
showing little lymphocytic aggregations (bold arrows), and mild blood vessel dilation (arrow). I, J: after 7 days of IS extract
administration showing an increase of lymphocytic aggregations (bold arrows), vacuolar degeneration (arrow heads) congested dilated
blood vessels (arrow). CV: central vein; HPV: hepatic portal vein. Scale bar is 50 lm for A, C, E, G, I and 5 lm for B, D, F, H, J; H&E.
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Figure 2 Photographs from sections of mice spleen. A, B: showing control spleen with normal architecture. C, D: after 2 days of PSG
extract administration showing lymphocytic aggregations (bold arrow) in the spleen red pulp. E, F: after 7 days of PSG extract
administration showing an increase of lymphocytic infiltration (bold arrows). G, H: after 2 days of IS extract administration showing an
increase of megakaryocytes (arrows), and mild aggregations of the lymphoid cells (bold arrows). I, J: after 7 days of IS extract
administration showing an increase of lymphocytic aggregations within the red pulp (bold arrows), and mild follicle shape distortion. WP:
white pulp; RP: red pulp. Scale bar is 50 lm for A,C,E,G,I, and 5 lm for B, D, F, H, J; H&E.
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Figure 3 Photographs from sections of mice ileum. A, B: showing control ileum with normal architecture. C, D: after 2 days of PSG
extract administration showing relatively normal villi. E, F: after 7 days of PSG extract administration showing villi hyperplasia, epithelial
(bold arrow), lamina propria degeneration (asters) detachment from epithelium (arrow heads), and lymphocytic infiltration (arrows). G,
H: after 2 days of IS extract administration showing relatively normal villi. I, J: after 7 days of IS extract administration showing villi
hyperplasia, epithelial (bold arrows), lamina propria degeneration (asters) and detachment of the lamina propria from the epithelium
(arrow heads) and increase of lymphocytes (arrows). V: villi; LP: lamina propria. Scale bar is 50 lm for A, C, E, G, I, and 5 lm for B, D,
F, H, J; H&E.
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Figure 4 Photographs from sections of mice liver. A, B: showing control liver with low expression of the central and hepatic portal vein
collagen (arrows) and interstitial collagen. C, D: after 2 days of PSG extract administration showing low expression of the central and
hepatic portal vein collagen. E, F: after 7 days of PSG extract administration showing relatively higher expression of central and hepatic
portal vein collagen (arrow heads) and interstitial collagen. G, H: after 2 days of IS extract administration showing higher expression of
central and hepatic portal vein collagen (arrow heads) as well as interstitial collagen (bold arrows). I, J: after 7 days of IS extract
administration showing higher expression of the hepatic portal vein collagen (arrow heads) and interstitial collagen (bold arrow). CV:
central vein; HPV: hepatic portal vein. Scale bar is 50 lm for A, C, E, G, I, and 5 lm for B, D, F, H, J. Masson’s trichrome stain.
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of administration. In the case of IS extract, the collagen fibers
expression in the hepatic portal vein walls and peri-cellular
area after 2 days of administration (Fig. 4G and H) was similar
to that of control, while, after 7 days of administration with IS
extract the collagen fibers in the hepatic portal vein walls as
well as peri-cellular area were higher as compared with those
of control or after 2 days. The expression of the collagen fibers
in the liver after administration of the IS extract was higher as
compared with that after administration of the PSG extract
especially after 7 days. These data indicated that IS extract
induced the hepatic fibrosis more than the PSG extract.
Hepatic carbohydrates disturbance
The general level and distribution of carbohydrates in the liv-
ers were determined using PAS stain as shown in Fig. 5. The
control livers (Fig. 5A and B) displayed normal levels of carbo-
hydrates in the hepatic parenchyma as well as hepatocytes with
equal staining intensity in all areas. The general carbohydrates
levels in the hepatic parenchyma after 2 days of administration
of PSG extract (Fig. 5C and D) was slightly lower or similar to
that of the control, while, the general level of carbohydrates
after 7 days of the administration of the PSG extract
(Fig. 5E and F) remarkably decreased as compared with that
after 2 days of administration or control. The general level
of carbohydrates in the hepatocytes as well as in the hepatic
parenchyma after 2 days of IS administration (Fig. 5G and
H) decreased sharply as compared with that of control. In
the case after 7 days of IS administration (Fig. 5I and J) the
general carbohydrates levels in the hepatic parenchyma
decreased when compared with that of the control or after
2 days of administration with the IS extract. These data
revealed that, the IS extract induced the reduction of the gen-
eral carbohydrate levels in the liver after 7 days of administra-
tion more than PSG extract.
Ileal mucopolysaccharides disturbance
Ileal mucopolysaccharides were illustrated using Alcian blue
specific stain. As shown in Fig. 6A and B; the normal ileum
showed normal distribution and intensity of the mucopolysac-
charides in the goblet cells and brush borders of the villi
epithelium. After administration of the PSG extract for 2 days
the levels and intensity of the mucopolysaccharides were
decreased compared with those in the control
(Fig. 6C and D). The toxic effect of PSG extract after 7 days
of administration was similar to that after 2 days
(Fig. 6E and F). The effect of IS extract on the mucopolysac-
charides after 2 days of the administration was similar or
slightly lower than that in the control (Fig. 6G and H). After
7 days of administration of the IS extract (Fig. 6I and J) the
levels of the mucopolysaccharides in the goblet cells and brush
borders decreased than those of 2 days. The effect of the IS
extract on the ileal mucopolysaccharides was lower as com-
pared with that of PSG extract just after 2 days of administra-
tion. These data revealed that both PSG and IS extract had the
ability to reduce the mucopolysaccharides in the ileum after
7 days of administration.
Biomedical and hematological examinations
As shown in Fig. 7A and B the PSG and IS extracts induced
time dependant the increase in ALT and AST enzymes. After7 days of the administration of PSG and IS extracts the levels
of ALT and AST were highly significantly increased (p 6 0.01)
as compared with control. The PSG extract exerted significant
elevation in ALT and AST enzymes levels more than the IS
extract.
The changes in hematological parameters after administra-
tion of PSG and IS extracts are shown in Table 1. As com-
pared with the control, the PSG extract after 2 days of
administration caused significant increase (p 6 0.05) in leuko-
cytic count, and a significant decrease in lymphocytes. Also,
it caused a highly significant increase (p 6 0.01) in platelets.
The IS extract after 2 days of administration indicated a signif-
icant increase (p 6 0.01) in platelets. After 7 days of adminis-
tration, the PSG extract showed a significant elevation
(p 6 0.05) in leukocytic count, MCV, HGB and a significant
decrease in lymphocytes, while, it showed a highly significant
increase (p 6 0.01) in platelets and a highly significant decrease
in granulocytes, MPV and PDW. On the other hand, the IS
extract exhibited a highly significant elevation in platelets
(p 6 0.01) and a significant increase in PDW (p 6 0.05). Also,
it showed a significant decrease (p 6 0.05) in RBCs, HGB,
MCHC and MPV.Discussion
Recent studies stated high toxic diversity with coleoid cephalo-
pod (Ruder et al., 2013; Cookea et al., 2015). The accumula-
tion of domoic acid (a phycotoxin produced by some
diatoms) was reported in sepia officinalis (Ben haddouch
et al., 2016). Some toxic heavy metals were determined
from some cephalopods in South Korea (Nho et al., 2015).
Accumulation of paralytic shellfish toxins has been reported
in O. vulgaris (Lopes et al., 2013). Ink and other tissues of
cephalopods has been used in traditional medicine (Nair
et al., 2011). In addition, cephalopods ink was used in the
development of drugs and biomedical application (Naraoka
et al., 2000; Rajaganapathi et al., 2000; Zhong et al., 2009).
To do this application safely we need to know the effects of
this ink on mammalian cells. Hence, the present investigation,
gave for the first time, new insight about the histopathological
and histochemical impacts of the PSG extract in comparison to
the IS extract of O. vulgaris after oral administration into mice.
Morphologically, the alternation in the histological archi-
tecture of the liver after oral administration of both PSG
and IS extracts include lymphocyte aggregations, cytoplasmic
vacuolar degeneration and enlargement and congestion of
the hepatic portal vein. Noteworthy, the histopathological
impacts in the liver of mice caused by the PSG extract is more
than that of the IS extract. The present findings elucidated that
PSG ink as well as IS extracts of O. vulgaris could be consid-
ered as moderately toxic for mammalian hepatocytes under the
current dose (25 mg/kg). For the ink of sea hares Aplysia
dactylomela it caused hepatocytes degeneration, chromatinoly-
sis and hypertrophy with vacuolation and degeneration of the
cytoplasm at the dose 500 mg protein/kg (Moustafa and Abu
Dief, 2007). To compare with other molluscan toxins; yesso-
toxin, a polyether toxin, was isolated from the digestive organs
of scallops Patinopecten yessoensis caused severe fatty degener-
ation and intracellular necrosis in the liver within 24 h. using
dose 0.3 mg/kg (Ito et al., 2000). In addition, the combination
of the shellfish toxins, yessotoxin and homoyessotoxin revealed
Figure 5 Photographs from sections of mice liver. A, B: showing control liver with normal level and distribution of the general
carbohydrates (arrow heads). C, D: after 2 days of PSG extract administration showing normal level and distribution of general
carbohydrates (arrow heads). E, F: after 7 days of PSG extract administration showing low level of carbohydrates in the hepatocytes
(arrow heads) and severe reduction of the carbohydrates in the interstitial area (bold arrows) as well as low level of the carbohydrates in
the area surrounding the central vein (arrows). G, H: after 2 days of IS extract administration showing a relatively lower level of
carbohydrates in the hepatocytes (arrow heads) and interstitial areas (bold arrows). I, J: after 7 days of IS extract administration showing
a reduction of carbohydrates in some hepatocytes (arrow heads) and interstitial areas (bold arrows). CV: central vein. Scale bar is 50 lm
for A, C, E, G, I, and 5 lm for B, D, F, H, J. Periodic acid-Schiff stain.
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Figure 6 Photographs from sections of mice ileum. A, B: showing control ileum with normal level and high intensity of
mucopolysaccharides distributed in the goblet cells (arrow heads) as well as in the villi brush borders (arrows). C, D: after 2 days of PSG
extract administration showing a reduction in the level and intensity of mucopolysaccharides in both goblet cells (arrow heads) and villi
brush borders (arrows). E, F: after 7 days of PSG extract administration showing a remarkable reduction of mucopolysaccharides in the
ileum. G, H: after 2 days of IS extract administration showing lower level and intensity of mucopolysaccharides I, J: after 7 days of IS
extract administration showing a decrease of mucopolysaccharides. V: villi; LP: lamina propria. Scale bar is 50 lm for A, C, E, G, I, and
5 lm for B, D, F, H, J. Alcian blue stain.
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Figure 7 The ALT and AST enzymes level induced after administration of A: PSG extract and B: IS extract.
Table 1 Hematological parameter alternations after 2 and 7 days of PSG and IS extracts administration.
Control PSG extract IS extract
2 days 7 days 2 days 7 days
WBCs (103/ll) 3.46 ± 0.47 6.56 ± 1.72* 4.867 ± 0.55* 4.50 ± 0.45 3.30 ± 1.32
Lymphocyte (103/ll) 2.27 ± 0.40 3.80 ± 0.87* 4.267 ± 0.40* 2.9 ± 0.624 2.20 ± 0.45
Granulocytes (103/ll) 0.73 ± 0.15 1.86 ± 0.65 0.2 ± 0.10** 0.63 ± 0.25 0.60 ± 0.52
Monocytes (103/ll) 0.46 ± 0.05 0.90 ± 0.26 0.26 ± 0.20 0.50 ± 0.20 0.3 ± 0.1
RBCs (103/ll) 6.69 ± 0.37 6.26 ± 1.48 5.99 ± 1.35 6.82 ± 0.67 5.946 ± 0.416*
Hemoglobin (g/dl) 12.9 ± 0.81 11.67 ± 2.70 14.63 ± 1.24* 12.73 ± 1. 07 11.93 ± 0.45*
HCT (%) 38.33 ± 0.26 33.87 ± 6.85 35.40 ± 8.05 36.06 ± 4.65 36.53 ± 1.58
MCV (fL) 54.7 ± 0.289 54.70 ± 5.25 59.17 ± 1.31* 52.83 ± 3.45 55.90 ± 4.28
MCH (pg) 19.20 ± 0.26 18.60 ± 0.5 24.93 ± 3.91 19.10 ± 0.85 18.73 ± 1.07
MCHC (g/dl) 35.60 ± 0.36 34.27 ± 2.45 42.27 ± 6.64 36.23 ± 0.64 33.63 ± 0.73*
Platelets (103/ll) 245.7 ± 19.65 533.3 ± 21.39** 403.7 ± 53.46* 358.0 ± 23.58** 692.30 ± 10.79**
MPV (fL) 8.03 ± 0.05 7.867 ± 0.251 6.60 ± 0.346** 7.63 ± 0.35 7.06 ± 0.15**
PDW (fL) 10.73 ± 1.13 9.8 ± 1.744 4.9 ± 0.2** 9.667 ± 1.89 7.733 ± 0.404*
Values quoted are mean ± SD (n= 3). White blood cells (WBCs), red blood cell (RBCs), hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), mean platelet volume (MPV) and platelet
distribution width (PDW).
Significant *p 6 0.05, highly significant **p 6 0.01.
Impacts of posterior salivary gland and ink sac extracts of Octopus vulgaris in mice 33degenerative lesions in the liver of mice for a dose equal 2 mg/
kg (Tubaro et al., 2003), while, dinophysistoxin another toxin
produced by dinoflagellates and accumulated in shellfish had
liver injuries characterized by numerous non-fatty vacuoles
appeared in the hepatocytes around the periportal regions of
hepatic lobules in mice injected with different doses ranged
from 0.7 to 1.2 mg/kg (Terao et al., 1989). Isolated aza-
spiracids and okadaic acid, marine algal toxins isolated from
mussels caused moderate liver damage fatty changes in hepato-
cytes of mice orally administrated by different doses ranging
from 0.3 to 0.45 mg/kg (Ito et al., 2002), whereas, the venom
of the cone snail Conus lentiginosus showed hepatocytes dis-
ruption, central veins were locked up and hemolysed blood
and granulomatous lesions were formed in the perivascular
area of mice liver injected with 25 mg/kg (Kumar et al.,
2013). In Conus inscriptus and C. lentiginosus, hyperplasia of
cortical cells was detected with constriction of sinusoidal space
on albino mice. Moreover, the three previous species of cone
snails revealed marked hepatocyte pycknosis and vacuolated
areas with a honey-comb like appearance (Kumar et al.,
2013). The cone snail C. loroisii caused vascular congestionand mild inflammatory hepatocyte infiltrate around the portal
triad. Macro vesicular types of fatty changes were also
observed in hepatocytes of mice intraperitoneally injected with
5 mg/kg (Saminathan et al., 2006).
Histochemically, in the present study, both PSG and IS
extracts induced hepatic fibrosis. The same result was reported
for the ink of sea hares Aplysia oculifera and A. fasciata when
injected intra-peritionally in mice using doses 67.8 and
56.4 mg protein/kg, respectively (Moustafa, 2005). Notewor-
thy, the IS extract induced hepatic fibrosis more than PSG
extract especially after 7 days of administration. This may be
attributed to the normal presence of some heavy metals like
Zinc, copper and cadmium in O. vulgaris and other cephalo-
pod inks (Palumbo et al., 1988; Raimundo and Vale, 2008),
where, these metals play a role as modulators of the activity
of enzymes in the melanin synthetic pathway (Palumbo,
2003; Raimundo and Vale, 2008; Derby, 2014). Also, the unex-
pected toxicity effects of IS extract may be explained by the
presence of these heavy metals especially cadmium. It has been
demonstrated that cadmium caused severe damage to the liver
in acute or chronic exposure and induced liver fibrosis in rat
34 A.Y. Moustafa, A. Awaad(Dudley et al., 1984; Krichah et al., 2003; Prabu et al., 2012).
The present biochemical findings elucidated a significant eleva-
tion of the ALT and AST enzymes after the administration of
both PSG and IS extracts. Hepatic fibrosis and the elevation of
these enzymes are considered as a remarkabe character of
acute liver injury (Friedman, 2003; Ramaiah, 2007). The
administration of PSG extract of Octopus aegina in mice bear-
ing Ehrlich’s ascites carcinoma exhibited a decrease in the
serum ALT activity, whereas the AST activity was increased
(Karthigayan et al., 2007).
Additionally, PSG and IS extracts caused a reduction of the
general carbohydrate levels in the liver especially after 7 days
of administration. Similar findings were stated for the ink of
sea hares A. oculifera and A. fasciata (Moustafa, 2005). The
alteration of carbohydrate distribution might be caused by
abnormal metabolism of carbohydrates in the liver and may
be due to the accumulations of the extracts in the hepatocytes
as well as the hepatocyte degeneration.
Regarding the histopathological changes induced in the
spleen, the PSG and IS extracts of O. vulgaris had mild effects
represented in the lymphocyte aggregations and red pulp infil-
tration, increasing in megakaryocytes number and mild distor-
tion in the follicle shape. This finding of the increased number
of megakaryocytes was in accordance with the present hemato-
logical data which clarify highly increased platelet numbers of
animals administrated with both PSG and IS extracts. It is
known that, megakaryocytes are the cells responsible for the
production of platelets (Fortoul et al., 2008). Severe destruc-
tive effects on splenic macrophage of mice are induced by
50 mg protein/kg of the ink of the sea hare A. dactylomela
(Moustafa and Mohamed, 2012). The marine algal toxin aza-
spiracids isolated from mussels demonstrated necrosis in
spleen and injured in both T and B lymphocytes using different
doses from 0.3 to 0.45 mg/kg doses injected twice into mice
(Ito et al., 2002).
In the present study, the most remarkable data of hemato-
logical parameters were concerned with the significant increase
of platelets, WBCs, and a significant decrease of granulocytes
and lymphocytes in the case of PSG administration. Herein,
the significant increase in platelets may be due to the hemolytic
activity of the PSG extract which was previously reported for
some octopuses in sheep and human RBCs, respectively (Key
et al., 2002; Karthigayan et al., 2006). It is well known that,
WBCs play the key role in immune response and protecting
the body against foreign invaders and diseases (Davis et al.,
2008). Therefore, these changes are an indicator for the immu-
nity decrease after administration of the PSG extract of O. vul-
garis in mice. The PSG extract of O. aegina caused an increase
in WBCs and decrease in lymphocytes, RBCs, hemoglobin in
mice bearing Ehrlich’s ascites carcinoma (Karthigayan et al.,
2007). With the same dose, the venom of cone snail C. loroisii
showed no significant alterations with WBCs and MCHC
while, it showed reductions in RBCs, MCV, HGB, HCT,
MCH and platelets number (Saminathan et al., 2006).
In the present investigation PSG and IS extracts caused
similar impacts on the ileum, and their impacts appeared only
after 7 days. They showed villi hyperplasia, epithelial and lam-
ina propria degeneration, detachment from epithelium and
lymphocyte infiltration. In addition, these extracts reduced
ileal mucopolysaccharides especially after 7 days of adminis-
tration. The reduction of the polysaccharides in the ileum
might explain the data of the reduction of the general carbohy-drates of the liver after administration of these extracts. The
oral administration of azaspiracid isolated from mussels
showed necrosis in the ileal lamina propria, besides interstitial
pneumonia and shortened villi of the small intestine (Ito et al.,
2000). Oral administration of a mixture of the shellfish toxin
yessotoxin and homoyessotoxin revealed degenerative lesions
in the small intestine of mice (Tubaro et al., 2003). A shellfish
toxin contaminant in Japanese scallops P. yessoensis known as
pectenotoxin-6 showed erosion by edema to ileal villi when rats
were orally administrated with a dose of 2 mg/kg (Ito et al.,
2008).
In conclusion, the present results reported for the first time,
histopathological and histochemical effects induced by the oral
administration of the PSG extract in comparison to the IS
extract of O. vulgaris in mice. Some hematological and bio-
chemical parameters were measured to support these impacts
and the toxicity of ink extract of O. vulgaris in mice was stated
for the first time. The present investigation provides new
knowledge about the toxicity of common octopus ink to peo-
ple in the countries which depend mainly on this extract as
additives in their food. Furthermore, our findings open the
way needed for further studies on the use of these extracts as
promising drugs.References
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